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(57) Abstract: A semiconductor device including a nitride semiconductor layer comprises a buffer layer (2) which is formed on a 
silicon substrate (1) and has a structure wherein first layers (8) composed of A1N, third layers (10) composed of p-type GaN and 
second layers (9) composed of GaN are alternately arranged. A main semiconductor region (3) comprising a nitride semiconductor 
layer for formation of an HEMT is arranged on the buffer layer (2). The third layers (10) have a thickness of 0.5-50 nm. The third 
layers (10) have an effect of suppressing production of a two-dimensional electron gas. Consequently, lowering of resistance of the 
buffer layer (2) is prevented. 
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81 5 „ £ ft fc: *t L pl^i%?r^tfl3©ll Of*, 

0 2 (OM 9 1 (Dig 8 luttttSo t£o ffl 3 6Djg 1 0 

2 ^C7C*^^^©^^®Bff^^So b^L, I3©ll OttttlTV> 

6 p M^FI»j^f! 3 coS l o ^^^U7c«T-^M«-rSo r. co^^:, fg 

3 <£>J1 1 0 tC*3tt S 3rir V Tm&Whm^mM&t&< & <*V7TM 
2 Og^^|< jfe 5 o - ©H3©11 0 <£>J?^fc£ N fg 1 Xt)?^ 2 (DM 8 , 

5^*5, in i i &t*i& 2 <Dji 8 , 9©ffisn©^ttf 3 

<om i o asiam&ft-cv^o l^l, r. <^f^^> 9 mi^n i %LX$m 

2 (DM 8 , 9 ©ffiSraort© — gBXte 1 :t^tt5o 

— ^©GaN^fc^SS-^TfeffS 1 U,«i^ftft#K-/©Al 0 . 2 Ga 
o. 8 N^fefifcS^^< — "9-JB 12^ iiffnff^Mt LTSi (v- JJ a >-) 
SflS K— ftTV^n^Al 0 . 2 Ga 0 . 8 S> J$ 5 «^ftf&Jl 1 SitfL 
TV^o ^^a#f£f« 3 ©#J1 1 1 , 12, 1 3 femm h 33 V V i*«r-< 

— ^ t ufc^^^i^^^^ 7/1 2 ©_t^iae$ft/cm^- 

0 o nm©j?^^tts„ w^^trJi i i <D±^mu^tir-^^<—^-m 

1 2 ttMittf 7 nm©g^^tt, M^m^M 1 3 On|»i It 

i 2 ttm^^tcmm^irz rttt^So i 2 © _h m 

EEff £ftfc«^lfc$£Jl 1 3 fc£ K^ — (nlllfift) a>e>35&Lfc 
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m^^m^^n m 1 1 r^i&i-s %(dx&^x ^ Mxft3 0nm<D/f:^ 

H E M T(D^>-m B# ft % y — ^«ffi4, W^lftf&Ji 1 3 , X-< — f- 
JS 1 2 N «-^jfeff ® 1 1 > ^^--^S 1 2 , S^tfci&Jg 1 3 % RTF K V 

\Z. . ^y77i2fci3(t5Il©l8^A I HI 2 <Z) il 9 

^GaN, f3 ©I 1 O^pI^ill^ttfG a Ni ^fcHE 

in 3 <d (a) fc^-r p i&^mm&mAtstitz. piv y =» 

l^fr^^SSS 1 ^fflft^o ^y7/l2 ^wtsi©^ y 

^ 1 CO— ^C^® 1 aft, 3: 9— ^WcV^ir^^(D-m^i±^^^ 

X (111) v^-r* bffi, BP IE lift (1 1 1) ffit'fcS.L^L, HI 
SIl^o^TOT^t (1 1 1) v 5 ^^ hffil-f Lt-0~+6 ® 

ffl-e^^ i <D3Em i a ^M^f5 - t &x% So - e ~+ e commit 

-4° ~+ 4 ° t*fe9, UtL<i4-3° ~+3° tfe D , J; t) 0 ^ b < 

ft - 2° ~+2° Tfeoo 
V y =t 1 GDEkffi 1 a CD^ H H B ^{iSr, (111) v 5 ^ b ffiXft 

(i i i) ^^bm^bcD^^^M^v^^i-srt^Jco-c, 

^l/^/v<D^^.^<Z)^^s/y'^M<-ri^3?:ft^^yy P Sr/h^<-t- ; 5 
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#C K , 1113 (B) ^^-T<t 5 i-S^l (D^ffil a ±1C, 
^i/t/VfifcSfeO-it&SljJIOMOCVD (Metal Organi 
c Chemical Vapor Deposit ion) BP £ ^ JR YE 3* *B S Sfe 
t±otAlNi^J*«Ilfl!)l8iplGaN!i»e>fifc5»3 
69 g 1 0 iGaNi>^5i2©|9 ££*ft3gUT8fJg-?-5r. 
ifcio*C^y77l2*^jjjt5, BP *> . HFm^y^^^h 
r*f feibfc p f i/ u =■ yat 1 ^ M O CVDifCMfStrt 
K: £ « U „ * T > 1 1 0 OlCT-Ill o # R9 © If- — ?/VT^- V > 

y = # * t N H , (T^^e-T) # * 5r j& 3 

0 # Fl ft |p L T , S 1 © — © ^ ® J? £ 5 n m CO A 1 N M 

Sr 1 1 0 O °C b VTzl^K^ TMA^X©iI!Pt)A 1 <£> £t f& * £r 
jft 1 8/zmo 1/mi NH 3 ^f^ ©jliipt) N H 3 tf> ft * 

tr^lO. llmol/min£Ufc 0 

#Cfc % TMA# * CDftf^itfe-C^ fe, TMG (h^ ^VVtf JJ ? A) 

A^^BPt)Cp 2 Mg^^ grftffr UT p S^Mfe HTMgf^tfGa 
N^^5i3«il 0 3 ~ 6 nm©HH(C^t5 0 P M^F^ 

mfeM g fcRBJg $ tt S i©-e^<,MgJ^^©2l©7ci, WitfZn, 
Sr, Ca, Be, Ba, Cd, Ra|^f)MtSrH5tlS„ 

JfelC C p 2 M g It LT, SJSIfttTMG ( h V * 1~ 

;VjJ V V A) ^ £ N H 3 (T >-^e^T) #X t Sr^J 3 0 f flfiLt, 
f 3©ll 0 _h ffi I$H]2 0nm©ni©GaN^b^5l2© 
!9^^t5o *mfe^Sg"Ctt. TMG^f^oSM^GaOMl 
^fi7 0 M mo 1/mi NH 3 ^f^©SiiP*)NH8 ©ft$&*£r$l 
0. 1 lmo 1 / m i n t Ufco 

#U<: % Cp 2 Mg^f^^MU*CS^3©Sl 0§r«f5o 
H 3 <DJS 1 0 (D±Km-X^m 1 ©if 8 &ff^t5. 
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^mm^M-etZ, A 1 N^t>^5»10l8iGaN^6)fili5l2© 
m 9 t(D^fb^tl^ 2 O MB y> M LTWL, plGaN^^5|3 
?>Ji£r 3 9 SUT^^Ufco £»flfe, H, ft 2RX?m 3 <Djg 8 , 

9, 1 O^^tlWi^ttf i5wHt^5o 

#Cf£, ^'y 7 7l 2 (Dlffi(liftl0MOC VDfelUoTH 

BP . _h ffi y 7 r S 2 fl* 3# fifc $ tl fc S 1R 1 & M O 

c vD§n©s^irttiaf itx k ^ i- * T h y 

~ T ) # X 1 0 ^ ft ^ L T ^ y 7 7 1 2 © ± I tft 
5 0 0 n m©i*©^ K - 7 G a NfiP*>^t«^^j£^ 
Ifift^t^^^G a N^fc^Sl^^ffl 1 1 & & 
ir Z> 0 *illltftTMGif^©Sll*,G a © ft^ 
i^ft 7 O m mol / m i n N NH 3 fiP*>NH 3 
Oftl&ft^r^jO. 1 lmol /mi n t U 0 

^ 3 2#ra#t|tUT« : f-^^fJSl 0 <£> _h ffi m # K 

8 N*»6>^*^^< — f-Jl 1 2 % 7 nm©g^Ci^t5o 

TMA^f7©IiiPt)A 1 © ft |^ 1 ^ 
|1 5 . 8 ^ mol/m i n, TMG^^©SI^ftl 7 u mo 
1 /mi n N N H 3 ^ ^ © H t ^ Itl O . 1 lmol / m i n 

t V 1t o 

&l K , mi 5f fl^i^I^t^Tbfct, K S ft t T M 

A^^^TMG^^^T^^ — T # £ S i H 4 ( f 9 

^ ) ^ £ 1 3 8#^ft^LT^^-tfl 2 © _L ffi 

fc: A 1 o. 2 Ga 0 . 8 Nfabf$%m^i&M;mi 3 % ffi 3 

0 nm©J?^|Cfj|t5 0 #*t«t?ft, r ©H©TM 

A^^®Si^ft5.8/j mol/m i T M G X <D ffi, 
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1 7 moI / m i n % 7 y * = 7 ^ O ilt i Ir I) 
0. 1 lmol / m i n . S i H 4 2 lnm 

ol / minirU^io 
Ki©IST\ V y 3 V S « 1 £ y 7 7 S 2 

^ <£> ^ , fiPt>^¥3||C#:««3Xtr^y7T» 2 <D £ 

VDfc iot±¥«frIi3 <£> ^ ffi K V y ayHftR^ 
P>^5ail7^f ffeifeffll7©JfL^ra: N ^ 2 5 0 n m 

0 1 }C « 1 II O H E M T ^ ,7 $ tl t 5 ^ , H HHc s 1 
t©^ift:^XAipt,i^ 1 ^ 4£ ffl Lt#|©HEMTH 

H(^5„ i «35 fc «e> „ 7^-hyy^7^-f — ia9, ll (c 
i a ) t mm & m & # * & m ^ it & j& & << ^ ^ * :s ? \z z v > 

S*i*-e»s'^>'^b, H emt ©if^ll^ff 5 o i©i 

it, mmm 7 iz y — * mm rt$ k w ^mmM^mcoma^ 
iiifct , «^ if-Aif f^fflv^tT i ( ^ 9 >- ) £ a 1 
( r /T x ^ = ^ ^ ) & m $c « m n & l , it io^i^^s: y 7 
h ^- 7 (1 i f t o f f) u/ctK iifi^^t'itiie 

5 o^°C, 1 o # ffi © r ~ — /v&M\^X 3: y ^tlt b T 

lit 5 4 , KU'f yt*5 *f ^ts., y h m 

^ If -Altt i o TWiffN i It^Au ( & ) % 
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Or 7 UTi/a y h *c V T mm t VX<DM®Z*^'f'Z>y — b 
(D %k %U <D J? 4 y ^ I g f t i 9 , ^ tf * is ^ 7V f 

E M T ^ y 7 s ) ^^d^S„ 

( 1 ) ^y7rl2 © % 1 ©g 8 £ f| 2 (Dig 9 £ © m 2 ^CteS^ 

# x ©as^sriwi- si 3 i o %iattufc:^>-e, wif|2oi 

8 , 9 Srit^^^M §*fc^5fe^J:b-<T 2 $C5c«^;*f.X 60^^*^^^ 
2 Sr^LT^tl^ltill^tiXfttl-^ 9 . iSfffOHEMT £:# 
(2) I3©S1 0©J?^^o.5~50nm©ii(cPSt 

( 3 ) & /£ & ^ v- V 3 ^ £ GaN t © © m & W "f 5 A 1 N 
d^^3il ©S8S:^tf^y7rl2H:, JJ ^ ^ S ® 1 © l£ 



f 0 ^tlr tllC- t ^-et 5„ r © «lr £: „ J/ 7 7 I 2 

© — # © ^ ® fcl * G a N3R#a»ft:^foJicS^^2||t#:««3 £r *£ H 

^te&Mfc-c&^fci^fife-t-s:: t & % a r © fc & , ^^^^ 

ft « 3 © ¥ ±1. & < )& 0 % HEMT©8^l»«fttfc^< 5 „ 

^iaoTfii&-e/^7 7 rl^^^: t m # , v- y =* f £ g a n 

t ti ft ^ /£ #c © ^ $ s 7c # ^ fc it> „ r © s> 7 r € © -b ® fc: ±1. ffi 

(4) A 1 N^^SllO|8 a N^fe^§l20| 

9 t ^tt?^y77i2tt, 3fc © G a N 4> A 1 N © ^ — S ^ 
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© ^ >7 7 7 1 2 ©± {Cf ^ § 5 ^ ^ ^ t /V-^^lfiP 

j-^M^iats: £ a* -e £ s <, tf >- ^ 

^ (p i nch o f f) #tt©Ii^HEMT^lf;t?, £ £ 

^ f t 5 o 

^ 2 (D^Jfi^B 

04OMESFETit I 1 EMTOi^ffti 3 N n J&yf 

mm t LT S i K — T'&tlfrG a N^^#>^^#:jl^ *b 3 n 

ibs 84©ME S FETt^V^t, D n 1 > ^y77f2, V 

-^tS4, kw ^mms „ tf—v mm 6 , i^jii? «m 1 -eiRi— 
ft^t^wi: p?i$i^j&£ tiTv^s 0 me s f e t (D^^mtkmm t 



04©MESFETOGaN^f>l5n 7g ¥ 3? # 1H *6 3 ag#Og 

^ 3 a Sr^ffc-f-S NMctt. ^ y 7rl 2 IfHc LfcKJSirtfc 

TMG^f^tNHa^^tS iH 4 # * «r jft 5 # U T N 

IK 1 <D— jj<D3zmfc]&)8 l £tLfrs*y 77i2 £>_h® fc, J¥£;f$ 2 5 0 
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Sfcft. fiP*>G a 70/imo 1/mi n, N H 3 Jfi ft N 

fiP^NH 3 0ft^tSr.O. llmol/min, S iH 4 ^©ii, IP 
% S i <£> 2 lnmol/min^L- fc Q 

04OME S FETtt, 0 1 <0 H E M T <D $J M OffcBJ (D T? -< 
(1) (2) (3) iif^M^ftS, fiP^ /^y77i2©ttlStt 
^SrBSCn i . n^2»#:fg#c 3 a © spfflteXtm £tt Sr ft < t5i^ 
M E S F E T <D #tt IKtS^i:^ "^TIM t^5o 

m 3 (Dmm^m 

m 5 fcfg 1 Xt^ffl 2 ©^Jfe^HCD^ v ~7 T m 2 Ufclil 3 © H 

Jfe^tgfc^ 5^*>77l2 a©- §B;5^£frLTV^ 0 05©^y77l 
2 a ft N HEMTXtfME S F E T # © & b tf> 5 ¥ 31 ffc ^ 4£ M W IB 
"PfcS, r©05O^y77l2 aft, If ©f 1 ©I 8 a i <£> H 
2©l9a^, 11 (DMMMM £ m — <D 2 $Z7nm^JfXWfflm<D p M 
GaN^fe^Sl3©Il O ^^LT^Stil U fc <D ^ j$ § 0 

H 1 ©S 8 a ftJ^I^S^IWl^ K~ ^tUTV^^ 

{b^^I A 1 x I n y G a x _ x _ y N 

x> y ft , o < x ^ l . 

0 =S y < 1 N 
x + y^l 

TT^~rZ.t&X°%%ttni*T&J$£tl% 0 fiPt),f 1©I8 aft, AIM 

( HE -ft T A' 5: ^ !7 A ) N A 1 G a N (SMfctf 1» 7^ 7/1/^7^), A 

1 I n N (m-it 4 A 7/V^7A), 1 Ga I n N 

ft^fy 7^ ^fy^7^ 7;K = 7A) ^ bIK £ frtfc & © -e?£/5fc £ 

tL^o @5©Il^i"Cft> lltffB^© x 0 . 5, y^O. OU$ 
tbfcWW^lH^-T 6 A 1 0.5 I no.oiG a o.4 9 N^|| 1 ^jf 8 a fc^JB $ 

T/i^ ~ !7 Atr^frfg 1©18 a ©*&^5£#;&tJ«a&J&3g4fc$C 

ft v- y 3 i (D^^mwcRnmmmmm t ^m^mm 3 a 
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m. -&. -a- m m m & m t © m (o m % m -r % „ 

0 2 (DM 9 a Fi3*«§[$fcj£:^#B4&J&5 K — 7" $ tbTV^^V^ 
4b&& A 1 a I n b G a 

iit.a, b fit, 0 ^ a < 1 % 

0 ^ b < 1 , 

a + b ^ 1 N 

a < x 

a N, A1N, I n N, I n G a N , A 1 G a N N Al InN^t^Al 

1 n G a NfahmU£%hfrhWl&$ ! &th% 0 0 5 tf> MM^M T? . ffi 
fB5£<£> a a* o . 0 5, b^O. 3 5 t £ ttfcW^j-i^^ ^ -f 5 A 1 0 . 06 I n 
0 . 15 G a 0 . 6 N^l2©!9 a }uftffi$tlTV^„ H 2 <D jf 9 a <£"fffift^- 

{S^l^ £ <Dm<D*r * V -7Wh^~y K<¥ 1 <£>JB 8 a <£> ^ 

^ K^r> y^j; 9 fe^^ ft*3 % %\ RX$m 2 (Dig 8 a , 9 b 
t I nlr^fcSf^t)!)^, Si 2©I8 a, 9b©ft©'>4<i 

& — *m I n ^^-£> -5 i^t'tSo 

#CJC, Il©i8 a A 1 „.5 I n 0 . 01 G a 0 . 49 N N 0 2 ©I 9 a tf* A 1 
0 . 05 I n 0 . 35 G a 0 . 6 N, 0 3 <Djf 10^ plG a N t Stiff* V^tM 

2 a O^at^^^f^BJf So 

/^77t12 a i (DmMmm t mm^mm i i a _h^^^ 

§tb§ 0 :©^y77l2aii, JI^ICMO C VDiP^f l^Ift^ 
fBJ&^ifcfc o T A 1 0 . 5 X n ol Ga 0-4S N^^§|lCi8a tpl 
GaN^?)i§l3©il 0 A 1 o.o6 I n 0 . 35 G a 0 . 6 N ^ § H 2 (7) 

g 9 a £ ^tlLTfSt§ i t iaotiit§c fiP^> y =t ^ ^ 
ii!fii?rMOCVDif©S£Irttiaf 4f , t-^/vr^ 

T M I n ( h y ^ ^vW isi? V A) ^7iNH3 (T^^-^T) # X £ 
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5 O^^^^ fP - A <£> A 1 o. B I n 0 . 01 G a 0 . 49 N^b^5l 1 ©I 8a 

zmm-rz. ^mmmm-vnmm 1 ©^sams* 8 o o °c t l & m , 

TMA^^©^ii%A 1 CD#t|&*^^I 12 jti mol/min N TMG 
Jf X <£>$D*£r 1 2/zmo 1/mi n > TMI n^f^O^*^4 7 ^ m o 
1 /m i n % NH 3 ^7OSiit)NH30MiSr|| 0 . 2 3 m o 1 / 
m i n t V it o 

m^, hi (Dmmi&M t m— © 2 i&TGm^y-tf:* «r«j*j-f-3 fc«>© P m 

GaN^b^Sf 3(Dll O 3r?£j&i-5 0 

ifcfc, S« 1 ©iP 7 5 0 0 C^-eTtf\ L^St, TMA# 

TMG^X, TM I n # WNH 3 (7^*^/) #*&}|&8 3#KI 
MLt, JH 3 <£>jp 1 0 ©_h® fc % J? £ T2 #S 3 0nm!P^3 OO^"^ 
^ ^ h n — AOA 1 o.o5 I n 0 , J5 Ga 0 . 6 N^^5i2©|9 a %7frf&*T 

© s i iriAts wHt^5 0 ^mmmm^ns TMAf^©»i* 

2. 8/imol/min, TMG^Olil 12 m o 1 / m. i n > 
TMI n^'X©it^5 9/zmo 1/mi n, NH 3 ^^©lilPtN 
H 3 It ^Ift 0 . 2 3mo 1/mi nHfc 0 

#Ci£ s H 2 (£>Jg 9 a <D Jtlcl^t^H 3 <£>J1 1 0 Sr^^^~5 0 

H 1 ^Lt^m 2 OJB 8a, 9 a S: *L ^ *L 20f, | 
3 »® 1 O 3 9 m t Vfc a il, |2Ml3©l8a, 1 

0, 9 a©t^^.tL ^fhfcM t^iSr t t)T-t§ 0 ^ , H 3 <Z)jg 
1 0 ^fg 1 RXFB 2 8a, 9 a (DffiK ffl O^T {C@B« L & V> T? — §1! 

@5©!3©II^i©^y7 7l2 a ttgl ©fl ©it 
^ fl! <£> ^ 5/ 37 r JB 2 PI — cog&^^r^-U, St> ^j/7/12 at 
i/^!7 A^-g-^^xV^S (D-C, /^;7tI2 a fc-Y ^ v> «7 A §r ^ * 
£ 9 M?7rl 2 a © ff& JS^SS # !fc £r J> 3 1 Kl&mZ 
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m 4 <d m m n tn 

1 0^jMfcIllt;i2(Dl8 b, 9 b ©^Sllft^bJ^S 

Hi ©18 b r*.*«Sl«fcS^3K*^ K w -7*Sii , tv^ftv^ 

A 1 x B y G a i.^yN 

CI r. *C > y fii „ 0 < x ^ 1 „ 

O ^ y < 1 , 

x + y ^ 1 

T?^i-it^-t?#^$tj|sf-e^^§tL5 0 in *> „ $n i <d m 8 b h: „ 

A 1 N ( m {t T ?V % ~ V A ) , A 1 G a N ( & flS V V A T/V 
^^t^^) > A1BN (mik&v f T/V^r^t>^) N R A 1 
BGaN (ift^U^ 7/l"^~!>iOa>£>jg&£*l, 
fcfe(D-e^^^tbS 0 0 6©iIIlf fcfl IB 5£ <£> x # 0 . 



5, y i §Jlfc*f$Hcffi^t5A 1 0 . 6 G a 



0. 5 



N £S 



1 <D 



8 bet ffl^tit^s. 0 i ®s s b (o^^mwc^x^mmmm 
jg 2 <z)ji 9 b mmm^^^mm^ v—^zfrx^tt^ 

A 1 a B b G a i-a-bN 
::t\a, b 0 ^ a < 1 N 

o ^ b ^ l , 

a + b ^ 1 

a < x 

ttfXZZtfnxMj&ZftZo Wh, f 2©f9baAl (7 
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<HloOTciiN (Mm) t Sr^tf ®-C&> ^MitfGaN, BN. 
A1N, B G a N\ AlGaN, A 1 B NSt^A 1 B G a N^bM§ 
frfc h<D~^Mj%£frl&a HI 6 ©Hjg^^l?{i.BUfB^:C a #5 0 % b ^ 0 . 
3 i: $nfc*t^l-fctH^i-§ B,,Ga i7 N^|2©|9 b Kl|£JB £ flX 

I2©f9b <£>#S^^£<fg3#^£ © Pal <£> ^^gp^>^>- K 
ap* ^T^fg 1 <&m 8 b <£>^>- K=¥ ^ s^J; 9 t^:tv\ &£> N 
T^H 2®18 a , 9 b ©pf^f B n >-) &r-g-#> 5f£:b V ^ US 

ICO (111) v> -\- * fffilrttSiii 1 a±}^^©MOCV 
Dl^m*ft:*ftliJi*fttiotA l, s Ga,. 5 N^^§Il 
(DM S b i:B 0J Ga, 7 N^^5|2C!)|9 b ^^S3©fl OSr^ 
ITlS LTtltS :tiaoT/^5'77l2 b §r^^i~^ Q BP *> H 
V y 3 y^i^^SS^ 1 IrMO CVDif^MeiftPSIL, 

WifiiaMA (M)^f/VT/V^!)A) # ;* , TMG (Ml^f 
A># y r> A) N H 3 (7y*^7) JfX%m 2 7 R9 flfc j& U T , S 

& 1 <£> — ^O^ffi^J¥§ Tl A*}® 5 nmiP^^5 O^T^^^ h & ' J* <D 
A 1 0 . 5 G a 0 . 5 N^b^5^ 1 <om 8 b ^#^t5 0 ^^titftlf 

1 (DiDl?a^S- 1 0 8 0ti LfciHC TMA^^©SIgPt)A 1 <D& 
>fifrfi$:#& 12 ^mol/min, TMG^^Oltt 12^ m o 1 /m i 
n N NH 3 ^^©^IiPtNH 3 ©ft^Ilr|) 0. 1 1m o 1 / xa i n t L 

/to 

J6©plGaN^6^Sf 3011 0 IrfitS. 
#Cfc:, TEB (MJsf;V#ny) TMG^, XffNH, (T 

^^e^x) jfx&m 8 5#tolt, us 3 <£>jg i o 0_h®^, T 

2 ^ 3 0 n mBP 3 0 0 Hr^#* h t 2 ' — A©n^©B 0 . 3 G a 0 . 7 Ni» £>J& 
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©js 9 b <D^\^7fmm tiros i %mx-irz> zl 1 & -e^ s q *i«m 

T E B 2f * ©^Afipib^n ^<£>#fcf&4£r 7 m o 1 /m i n % T 
MGJ? ^ (Dffimmibj? V V J*<om%&M%: 16 //mo l/mi n, NH 3 
^f^O^*iP^NH 3 CD#t^*§r^) 0. llmol/minHfc. 

^cfc:, i? 2 ©jg 9 b c9_h(^#tK^ 3 ©ji i o %mf$~r&o 

10£r9 9Jl£:bfc o fi& , fM©JB8b£fg2©jf9b£||3©Jil 
HI 6 ©/^ y 7 2 b utm 1 ©'^ y7rS2i Pfil & g&Jg: V „ H 

m 7 {41 5 ©IM^H^ 5^y7rS2 c Sr^i~ 0 H 7 ©^ y 7 
Tl2 c(4, |10plGaN^^5|3 ©S 1 0 ©ft 9 fcjfeJRJB^ 

^^5^3011 o a ^ttt^ - ©ftimjg i ©25ifc?gt§ fc m— 
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